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FOREWORD
This report summarizes the progress made by the Auburn University
Electrical Engineering Department toward the fulfillment of the require-
ments in NASA contract NAS8-11184.
The three areas of work covered in this Quarterly report are:
A-PLASMA STUDY
Axial Current Density Measurements in
a Wide Unstable Plasma Column
B-RADIO FREQUENCY SYSTEMS
FM Television Transmitter Exciter
Unit Development
C-MILLIMETER WAVES STUDY
35 GHz Communication System Study
Monthly progress letters have been submitted prior to this
report.
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A-PLASMA STUDY
/	 Axial Current Density Measurements in
a Wide Unstable Plasma Column
C. H. Holmes, C. A. Ventrice and N. K. Smith
e
v
tt
v^
ABSTRACT
AXIAL CURRENT DENSITY MEASUREMENTS IN
A WIDE UNSTABLE PLASMA COLUMN
i
Axial current density measurements are made in an argon magneto-
plasma column with a magnetic field length to radius ratio of 6 cm.
By using a multi-ring composite anode an instability in the plasma
column is confirmed and the critical field, B c , is found to depend
on the neutral gas pressure, pg , in proportion to pg0.45. In all
cases, a reversion back to a stable configuration is observed to
begin when B < 1.36 Bc. When B < Bc , the axial current density
on the tube axis is observed to increase with increasing B, indi-
cating that a "modified Schottky" theory must apply.
vi
I. INTRODUCTION
The phase of a substance is determined by its temperature, and
changes in temperature can bring about corresponding changes in phase.
At relatively low temperatures molecular forces hold the molecules
together and the substance is said to be in the solid state. As the
temperature is increased these molecular forces can b y overcome and
the familiar gaseous state reached. Further increase in temperature
can actually overcome the bonding of the atoms themselves. When this
_- happens the gas becomes ionized and its physical properties are
changed.	 This partially-to-fully-ionized state is called the
"plasma state," and can be thought of as a fourth state of matter.
The fact that most of
	
our immediate terrestrial environment is
made up of the first three states of matter is reflected in the lack
of interest that scientists have shown toward the plasma state.
Little or no knowledge of plasmas had been gained until this century.
The fact is that although naturally occuring plasmas are rare on
earth, the earth is actually surrounded by the plasma state. 	 The
ionosphere and the Van Allen radiation belts combine to form a
plasma shell covering the earth. 	 Not only are they plasmas but
"magnetothe presence of the earth ' s magnetic field makes them	 -
plasmas."	 The sun, and most stars, are examples of hot plasmas
contained by fields.
	
In this case they are contained by their own
-	
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gravitational fields, a situation inapplicable on earth. Combine
all the matter in the stars and that of interstellar space (which
is also in the plasma state) and one sees that most of the matter in
the universe is in the plasma state.
With the coming of the space age scientists were forced to turn
their attention to plasmas. Communications with space vehicles make
transmission of electromagnetic waves through our plasma shell a problem
which must be solved. Thus, a knowledge of interactions of plasmas
and electromagnetic waves must be gained. It is also thought by
many that man can never successfully travel in space until he has a
thermonuclear engine. Thus, the thermonuclear problem involving
magneto-plasmas must also be solved. The full scope of application
of plasmas here on earth cannot even be imagined yet.
The fact that one is unable to control the physical conditions
of naturally occuring plasma makes it desirable to study plasmas
generated in the laboratory. Several devices have been developed
to do this. Among these are the rf plasma made by placing rf coils
around a plasma chamber, the "Q Device" which produces a plasma
by bombarding a hot plate with a gas which is ionized and reflects
off the plate as a plasma, and a gaseous discharge which uses
simple electrical breakdawn of gases to produce the plasma# Of
these three the gaseous discharge is the simplest and most economical
to make, its main disadvantage being the degree to which the gas
is ionized. Where the degree of ionization is not an important factor
the gaseous discharge is by far the superior of the other two and
3of any other method.
If the gaseous discharge is operated as a "glow discharge" it
produces a region called the positive column, which forms a quiescent
plasma. The history of the study of this glow discharge dates back
to the work of Michael Faraday, who observed it in the 18301x.
Research was continued, in 1869, by Hittorf and in 1879 by Sir
William Crookes, who was the first to suggest that the phenomena in
the glow represented a fourth state of matter.I
In the 1890's J. J. Thomson studied discharges and the motion of
cathode rays in electric and magnetic fields. This led him to the
discovery of the electron and the subsequent formulation of much of
the basic theory of gas discharges. In 1903 J. S. Townsend identified
the dominant mechanism of current growth in a gas, recognized the
ionizing agents as electrons, and defined the ionization coefficient
which accounts for ionization by particle collisions in a gas. 1 These
are but a few of the early experiments which led to the modern theory
of the positive column.
Investigations of the positive column in the absence of
magnetic fields, have yielded a fairly concise theory which has
been more or less rigorously tested experimentally. 2 However, as
has been seen in many practical problems concerned with plasmas,
the Plasma, whatever its form (glow-discharge or other), is in the
presence of a magnetic field. Thus, the importance of a knowledge
of the basic properties of a plasma in a magnetic field are self
evident.
4Extensive work has been done on the positive column in the
presence of a longitudinal magnetic field. Bickerton and von Engel,3
investigating a helium discharge at low values of magnetic field (B),
found that the radial particle loss was in agreement with classical
diffusion theory. In 1958 Lehnert 4 discovered that a helical insta-
bility can form in the positive column when the longitudinal magnetic
field exceeds a critical value (B c ). Above this .:ritical value he
found that the radial particle loss was enhanced above that predicted
by classical diffusion theory. Kadomtsev and Nedospasov 5 gave a
theoretical explanation for this enhanced diffusion. According to
their theory, the helical instability will grow (in the presence of
longitudinal magnetic field) due to j x B forces acting within the
column. In the investigation of such an instability, the geometry of
the enclosing chamber is very impurtant. Simon 6,7 has shown that
when the longitudinal magnetic field length is of the same order as
the tube radius, enhanced particle losses occur to the end-walls
because of a short-circuiting effect. Hoh 4and Lehnert8 found that
the ratio of magnetic field length to chamber radius, L/R, affected
whether or not the column would develop an instability. They did
not observe one in the column when L/R was less than fifty. Ventrice
and Massey9 observed the instability in an argon discharge with
L/R = 6. However, they observed that most of the time the column
remained stable. This is in agreement with the theory developed by
Kadomtsev and Nedospasov. 5 In their theory they developed a criterion
for the stability of the column. From this criterion it can be seen
5that a column with low L/R ratio would tend to remain stable.
Ventrice and Massey's experiment was confined to magnetic field
values well in excess of the critical field. It is the purpose of
this investigation to make a study of the instability in a positive
column with low L/R, at magnetic field values in the neighborhood
of the critical field.
One of the most common methods for obtaining data is by means
of electrostatic probes. Two basic problems arise at once from
this approach. first, the physical presence of a probe itself will
disturb the plasma, making some error (the magnitude of which is
determined by the probe configuration) inherent in probe measurements.
The second problem with this technique arises in trying to
interpret the results of probe measurements. Mott-Smith and Langmuirl0
presented the first theory of probes. For their theory to be valid,
many restrictions are placed on the experiment, some of which the
experimenter may not be able to incorporate. That is, the theory
is only valid within a certain operating range. Further, the inter-
pretation and handling of data within this theory is, for most
probe configurations, at best cumbersome.
When a magnetic field is present, the problems mentioned above
in data taking are magnified. Hence, a method of studying the plasma
without the use of probes was sought.
Yarnold and Holmes 11 performed such an experiment in 1936.
They used a three concentric ring, composite anode, thereby
obtaining three points on the current density curve. They were
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able to fit- a zero-order Bessel function to these points which agreed
with the theory of the current density distribution in the positive
column.
One can see that this method of study also lends itself to
use in a magnetic field since the plasma parameter of interest (the
current density distribution) is measured directly needing no
theory which is subject to variations with magnetic field.
Therefore, it was decided to use this approach in the present
e.-periment to measure the radial current density distribution at
different magnetic fields. By studying the effect that a magnetic
field has on the current distribution a knowledge of the state of
stability of the positive column can be obtained.
II. THEORETICAL CONSIDERATIONS
A. Stable Column
The positive column of a glow discharge constitutes a weakly
ionized plasma. The neutral particle density, N P , is much greater
than both the ion density, Ni, and the electron density, N e . There-
fore, electron-ion collisions can be neglected, and only electron-
neutral and ion-neutral collisions must be considered. The neutral
particles are approximately at room t-mperature, and they are not
affected by the presence of electric and magnetic fields. For these
reasons the motion of the neutrals may be neglected. Quasi-neutrality
holds within the column, thus, the ion density is approximately equal
to the electron density.
A description of the column may be obtained by solving the
macroscopic equations for the electron and ion species. These
equations are:
m	
at
ss aNs +
V (NskTs ) - Ns gsE - Ns g s (v s x B) = -ms Nswsnvs	(1)
and
aNs +	 Nsys = aNs .	 (2)at
Where
7
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s denotes the particular species,
i
Ns is the particle density of the s species,
Ts is the particle temperature,
q  is the particle charge,
vs is the particle mean velocity,
wsn is the collision frequency between the s and
neutral species,
k is the Boltzmann constant,
E is the electric field,
B is the magnetic field, and
a is the ionization coefficient, which is the
number of electron—ion pairs created per electron per unit
time
Equations (1) and (2) represent the continuity of momentum and
the continuity of particles, respectively. Cylindrical symmetry
in the column is assumed since the chamber boundary is cylindrical.
Assuming a stable column and cylindrical symmetry, the electric
}
field in the column is given by E = (E r , 0, E z), where Ez is assumed
constant. The magnetic field is confined to the longitudinal direc-
tion (the z direction) so that B = (0, 0, Bz). In addition, the
temperatures of all species are assumed to be independent of the
spatial coordinates. Taking these assumptions into account the steady
state momentum e q uation (1) may be written in component form as
t
9kTs ar
	
NgsEr
	
Ngsv^ B z 	sn- -msNwvr,
kTs aN + Ng8vs Bz = -msNwsnv^
aN
kTs a  -Nq-Ez = -msNwsnvz .
From cylindrical symmetry aN - aN = 0. Now, from the $ equation
az	 ao
(4) ,
v
s	 gsNBzvr
= -
m 
s
Nwsn
For electrons, q  = -e. For the ions q  = e. Therefore,
eeB ve	 Qe
vO =( Q)(r)=(--)
wen	 wen
and
1
^ _ -(eB) (")	 -(^v	 r	 1 ) vir	 (8)
M  win	
win
(3)
(4)
(5)
ve
r'
(6)
(7)
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Where 0	 ^ gZ ^. and is called the cyclotron frequency. Substituting
ms
B
(7) into the radial equation for electrons (3) one obtains
e Dma	 aN	 e_
v 	 N Wr + bmag Er
thereDemag is the electron diffusion coefficient in a magnetic field
e
and is kT /(mewen) ,	 The electron mobility in a magnetic field is
1 + Del
we n'
be = - 
e&ewen )
	
(10)
mag 1 n /W2
en
Similarly, for ions
iDi 
;r + bma Er	 (11)
N	 g
where Dig is called the ion diffusion coefficient in a magnetic
field and is
i	 kTi
D	
AM Win )	 (12)
mag 1 + Di2/wing
The ion mobility in a magnetic field is
yr = -
bi	 eAmiwin)	 (13)
mag
	 1 + (Di/win)2
N
(9)
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The steady state condition in the column requires that the radial
flux of ions and electrons be equal to one another. Therefore,
i
Nv = Nv e or vi M Ve = vr	 r	 r	 r	 r
Using (14), equations (9) and (11) may then be solved simultaneously
for v
r
.
	
The result is
i
-1	 3N	 (Dmag ebmag e-D;a&	 bmad
v
r	 N	 Dr eb ib
mag mag
or
Nv	
-D	
aN
r	 a
(16)
ar
Where Da ,the ambipolar diffusion coefficient perpendicular to
the magnetic field, is
i	 e e i
Dmag bmag Dmag bmag
D
a
be ib
mag mag
The continuity equation (2) expressed in cylindrical coordinates
becomes
(rNvs) +
r	 Dr	 r (Nvs'	 +	 '	 (Nv')	 aNz3z
12
From equations (7) and (8) it can be seen that va does not depend
on 0; therefore the second term in (18) is zero. From equation
(5) it can be seen that vsz depends only on E z which has been
assumed to be a constant throughout the chamber. The third term in
equation (18), therefore, is also zero. Since vir = yr = vr , equation
(18) becomes
1 a
r ar (rNvr) = aN
Substituting for Nvr from equation ( 16) gives
D a 
2 
N 
+D 1 MN
	
a art	 a r ar
or
	
(20)
	
+	 +
2^
-2:4 1 aN	 A-- N _
8rZ	r ar	 Da	 0
This is Bessel's equation of zero order. The solution is therefore
N = No
 Jo ( v' a/Dar)
	
(21)
where Jo(a Dar) is Bessel's function of the zero order.
Consider a differential element of area through which a current
dIz passes in the z direction. Then d1z = J zdA where Jz is the z
component of current density. The total current density in the z
3
(19)
(22)
13
direction is therefore
J z = j = eN (vz - vZ )
Then IZ = I	 [eN(v' - ve)rdrd^. Since there is no variation with ¢,
A
fR
I = eNo (2n)(vz-vz} 
	
Jo{	 a/Dar)rdr,
0
where R is the radius of the chamber. Making the change of variables
X = 4 a/Da r one obtains
aD R
D
I = eNo (27r)(vz - ve) sa
	
XJo(X)dX .
0
The integral may be evaluated by using the property
fXJo (X} dX = X J1 (X) .
No then becomes
No =	 I -a/Da
	
(24)
e(v' - ve)(2n)R Jl ( aIDBR)
(23)
t
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Combining (21), (22) and (24) one obtains
I rc—,/D. Jo [c—,/—Dar)
-----
	 (25)
21tR
	 Jl (^aR)
From equation (25) it can be seen that the dependence of j  on
the magnetic field is determined by the relationship between a and
Da . In Schottky's original theory he assumed that the particle
density at the wall (r = R) was zero. From equation (21) one finds
that
a	 (2 0 ) 2 	 (26)
Da
where 2.40 is the first root of J o . If the Schottky condition
(26) holds, then from (25) one can see that j mast be independent of
the magnetic field. If j changes with magnetic field, then equation
(26) clearly shows that a1Da cannot be a constant as Schottky assumed.
A "modified Schottky" condition can be derived by considering the
production and loss of particles to the wall. If the steady state
condition is to exist, then the production of particles per unit length
and time in the positive column must equal the loss per unit length
and tim at the wall. Let nw represent the number of ions per unit
length and time lost to the wall. Then, from kinetic theory
NJ-
n. _	 (27rR)
4
15
where v is the mean thermal speed of the ions at the wall and may be
I
'	 3kTi 1/2
written in terms of an equivalent temperature (T i) as ( ml
)	 ,
Now,
N 	 No Jo ( 4a1Da R)
Thus:
nw = 1/21TR No Jo ( 4a/Da R) (
3mii ) 1/2 	 (27)
Therefore the number of particles created in the column per unit
length and time is given by
R
nc	 1	 2nraNdr	 (28)
0
Evaluating this integral gives
nc 2nRNo 	J1{^ a/Da R`	 (29)
By equating nc to nw
 one obtains:
1 1/2	 Jl{ Ja/Da R)( 3M
	 = 4	 (30)
mi	 Jo( */Da) R)
For the condition of Bickerton and von Engel's experimend the depen-
dence of a on Da was determined (See Fig. 1). It is seen that a does not
change much with Da for higher values of Da. Thus since Ds depends
.l
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on the magnetic field so will j Z.
z
B. The Screw Instability:
The previous theory is good only up to a certain magnetic field
value (called the critical magnetic field, Bc). When this magnetic
field value is reached the column may become unstable and a "screw-
instability" may set in causing a perturbation of the current density.
This instability was first observed by Lehnert 4 in 1958, and
a theoretical explanation of the phenomenon was given by Kadomtsev
and Nedospasov5 in 1960. Kadomtsev and Nedospasov's work does not
give a good picture - f the physical mechanism involved in the
instability. A better picture of the situation was presented by F. C.
in 1962. He considered a left-handed screw-shaped densityHoh12
1
`	 perturbation, N , originally neutral, superimposed upon the steady-
=
	
	 state density distribution given by Eq. 21 (See Figure (2).) He
assumed the form of the perturbation to he
N^ = Nl(r) exp(im¢ + ikz - iwt) where 0 is	 (32)
the azimuthal angle and k is the wave number. One now assumes that
the mobility and the temperatures of the ions are such that the rate
of growth and dissipation of the ion screw are small compared to
the electron screw. Thus, the ion screw will retain its shape
over a time interval in which the electron screw can change.
1-11
I
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Figure 2. Helical Screw Instability
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The fact that the electron mobility in the longitudinal direction
is much greater than that of the ions causes the electron helix to
shift relative to the ion helix. This shift gives rise to a charge
separation causing an azimuthal electric field. This electric field
in the presence of the longitudinal magnetic field causes a radial
drift of particles. This drift tends to feed electrons from the
normal distribution into the screw perturbation, thus enhancing it
and thereby making it grow. If diffusion and conduction particle
losses are present they will tend to dissipate the perturbation.
However if these losses are less than the gain of particles to the
perturbation, the macroscopic instability can develop, causing a
large drift of particles which are lost to the wall.
The criterion for stability was first derived by Kadomtsev
and Nedospasov and later modified by Hoh 12 and Holter and Johnson. 13
Kadomtsev and Nedospasov started with the macroscopic equations
(1) and (2). Assuming perturbations of both N and V of the form (32)
N' = Vl (r) exp i(mo + kz - wt)
V' = V1 (r) exp i(mO + kz - wt)
where V is the potential function defined by E = -VV, they were able
to derive the following criterion for stability
KX4 + FX2 + G > mBv* X be 	(33)
i
ri
F^
`t
t
t
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where
K = 1.28+ Y F	 0.8(Y + 2)
y (y + 1)	 y
G = 0.48(l + Y) + 0.1 ( be	 1 ) ;
y	 bi y + 1
ka R	 ib	 2	 vokB=0.163; X-	 e	 ; y=	 (e ) V*=
3.38wen	 be wen	 2.40 De
In expressions (34), v  is the (drift) velocity of the electrons in the
longitudinal direction, in the equilibrium state. If this condition
(33) is not met , then the column may become unstable.
(34)
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III. EXPERIMENTAL SET-UP
The experimental set-up is shown in Fig. 3. This system
basically consists of a plasma chamber, a vacuum system, and a
magnetic field air core solenoid system. The chamber was mounted
inside of the solenoid in such a way that the axis of the chamber
and solenoid were aligned.
The chamber consisted of a piece of pyrex pipe 36" long and 6"
in diameter. The ends were sealed with plates which were attached to
the pipe by means of mounting collars. The electrodes were attached
to these end-plates by means of connecting rods. The cathode
end-plate was fitted with a flange and several mechanical and elec-
trical feed-throughs to provide connection of the vacuum system to
the chamber, high voltage power to the cathode, and coolant to the
cathode.
The end plate on the anode end was fitted with a conductor bulk-
head connector to provide electrical access to the multi-ring anode.
The anode consisted of eleven concentric aluminum rings (see
Fig. 4) each electrically insulated from the others by means of 3
mil thick milar. Each of these rings had a thickness of k" except
the innermost two which were 1/8" in diameter. The rings were
machined separately and then sweat-fitted together with the milar
in between to form a composite anode plate. Connectors were attached
t	 21
t
1	 22
to each ring and the plate was then embedded in high vacuum epoxy to
insure electrical isolation. This assembly was then fixed to a
rexolite mounting form using epoxy. The connecting rods were held
by the form in such a manner that they were electrically isolated
from the anode.
Since the areas of the individual rings were critical parameters,
the radii were measured by 'scanning the surface with a microscope
from a fixed point (approximately in the center) outward in three
directions. The radii, and therefore the areas, could be calculated
on a computer using the three measurements and the angles between
them.	 -
The cathode was made of an aluminum plate five inches in
diameter and approximately 3/4" thick. 	 It was found that aluminum
gave the best combination of low sputtering and oxidation coefficients
of any of the materials available.
	
Heating of the cathode , which
was due to ionic bombardment,	 required it to be cooled.	 A pump
in series with a heat exchanger was used to circulate a coolant
(non-conducting transformer oil) through the interior of the
cathode.
The whole cathode assembly was mounted in epoxy, with the con-
necting rods imbedded so that they did not make electrical connec-
tion with the plate.
A six inch vacuum system was used consisting of a diffusion
pump (CVC #0162), roughing pump (Welch #1397), liquid baffle
3
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MULTIRING PLATE,	 REXALITE MOUNT
^^^^	 ^	 l	 111l iitiilii	 iil	 11	 1	 1	 1 '^
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Figure 4. Multi-ring Composite Anode
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(CVC 1125) and an instrument ring to which was connected all the
vacuum system's instrumentation. This system was capable of pump-
ing the chamber down to a pressure of approximately 10 -6 torr. This
system was found to be quite adequate for the present experiment and
had sufficient pumping speed so that no long recycling delays were
encountered while taking data.
The magnetic coils were water cooled and each was rated at
800 amps. The coils were placed in series and were driven by a
motor-generator set capable of producing 160 amps. The current
supplied by this generator could be controlled to within one half of
one ampere, which corresponded to a field value of approximately 5
gauss. Before the chamber was installed in the magnets the coils were
adjusted to give as uniform a field as possible in the region between
the electrodes. Then a Hall-effect probe and a gaussmeter were used to
obtain the field intensity in this region as a function of generator
current. This curve and a measurement of the current by means of a
precision ammeter were used to deduce the field inside the chamber
during the experime=nt.
The current collected by each of the anode rings was determined
by measuring the voltage drop across a resistor in series with
each ring. Each of these resistors was a precision ten-turn helipot
whose value was determined by assuming that the currei.,^ density
distribution would be a zero-order Bessel function. These resistors
were then adjusted so that the voltage drop across each ring was the
same. Thus, the multi-ring anode became an equipotential
ii^
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surface, making it appear to the plasma as a continuous plate.
To facilitate the measurement of the voltage drops across the
resistors a multi-position switch was placed in the circuit (see
Fig. 5). The voltages were read using a very high precision VTVM.
The current densities were then plotted as a function of effective
radius (where the effective radius was defined as that radial position
which equally divided the ring area) to give the current density
profile.
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IV. EXPERIMENTAL RESULTS
Figures (6a) and (6b) are plots of j (axial current density) versus
r (radial position). The discharge current, I, was 50 mA and the
neutral gas pressure, pg , was 1.0 torr. When B = 0, it can be seen
that this curve does not fall off as rapidly as the Bessel function
calculated for the column using the "Modified Schottky" (or the "Schottky")
condition. This is due to the fact that the radius of the anode is
smaller than the radius of the chamber. Thus the current in the
column outside of the anode radius, which must be collected on the
anode, causes a build-up of current on the edges. As B is increased,
the current density on the chamber axis, j o , is observed to increase.
By examining expression (25), one can see that a/D a cannot remain
constant with increasing magnetic field. This indicates that the
"modified Schottky" condition must apply, in this case. This trend
continues until B is slightly greater than 175G, at which point a
drastic change in the axial current density profile is observed.
The current density on the inner rings is greatly decreased, while
that on the outer rings is greatly increased. This change marks
the onset of the instability in the column. The critical field, Bc,
is observed to be approximately 187G. As B is increased to a value
slightly greater than 225G, the column begins to revert back to a
stable condition. However, the column does not completely recover
I	 28
1	 2	 3	 4	 5	 6
RADIAL POSITION (Cm)
Figure 6a. Current Density Profile
C4E
E
.1
0.3
0
0.4
0-41
0.!
29
30
0.3
u 1	 2	 3	 4	 S	 6
RADIAL POSITION (Cm)
Figure 6b, Current Density Profile
t
i
tt
tI	 N
E
Ut	 EIi
1
i
1
1
1
1
0
0.,
O.A
i
131
within the range of the magnetic values of this experiment.
r	 -
=- Figures (7a) and (7b) are plots of j versus r, with I = 100mA
= 2.2 torr.	 Again,	 is	 increaseand p	 j o	observed to	 with increasing
- magnetic field.	 This trend continues until B is slightly greater
than 275G, at this point the instability sets in very dramatically,
cua'sing the profile to actually invert itself. 	 At B = 350G, the
== inversion is complete, with jo = 0.27 mA/cm 2 and j = 1.63 mA/cm2
the	 As B is increased to 	 value slightlyon	 outermost ring.	 a	 greater
z
than 350G, the column begins to revert back to a stable configuration.
Figures (8) and (9) are plots of j o versus B, with I - 50mA and
pg
 equal to 1.0 and 2.0 torr respectively.	 Both curves clearly show
the onset of the instability and the reversion back to stability.
= 1.0	 2.0When p$	torr, the reversion begins at B 	 1.27Bc; when pg	torr,
the reversion begins at B = 1.17Bc .	 Figures (10) and (11) are
=
plots of j	 versus B, with I = 100mA and p
	
equal to 2.2 and 3.3o	 g
torr, respectively.	 Again, both curves clearly show the onset of the
instability and the reversion back to stability.	 When pg = 2.2 torr,
begins	 B = 1.36B c ;	 = 3.3	 beginsreversion	 at	 when pg	torr, reversion
at B	 = 1.18Bc.
By varying the discharge current, keeping p 	 fixed, it was observed
that the discharge current had no observable effect on B c .	 However,
a	 onof B dependence	 c	 pg was observed.	 Figure (12) is a plot of
Bc versus pg .	 From this plot, it can be seen that B c varies in
0.45
proportion to pg
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V. SUMMARY AND CONCLUSIONS
The stability of a wide argon plasma column (L/R 6) has been
investigated by means of axial current density measurements, which
were made using a multi-ring composite anode. The existence of an
instability in he column has been confirmed. The critical magnetic
field, Bcl has been determined and found to vary in proportion to
0.45
Pg	 In Kadomtse%, and Nedospasov's derivation of their stability
criterion, they assumed the "Schottky" condition as a boundary
condition. Values of De/wen > > 1 were also assumed. It is seen
that neither of these conditions are correct for the present experi
ment and therefore comparisons of experimental data with Kadomtsev
and Nedospasov's stability criterion are invalid.
When B < B c , the axial current density on the chamber axis,
Jo , is observed to increase with increasing B; thus, indicating that
the "modified Schottky" theory must apply. When B - B., the axial
current density profile becomes inverted, dropping to a minumum on
the chamber axis and peaking on the outermost ring. in all cases,
the column begins to revert back to a stable configuration when
B < 1.36BC .
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B-RADIO FREQUENCY SYSTEMS
ITS Television Transmitter Exciter
Unit Development
M. A. Honnell, W. E. Faust, and H. L. Deffebach
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I. INTRODUCTION
Work continued on the television exciter unit with efforts
directed mainly toward (1) modifications in the RF stages of the
frequency control feedback loop, (2) the design of a crystal-
controlled reference oscillator, (3) the continued construction
of a prototype exciter unit case, and (4) the construction of
the prototype do-to-dc converter. A descri p tion of these
efforts is contained in this part of the report.
II. MODIFICATIONS IN THE FREQUENCY CONTROL FEEDBACK LOOP
In the 17th Quarterly report, it was indicated that there are
several problems to be considered in the design of an RF signal-
leveling, or limiting, stage. The most important of these, as
applied to the AFC system of the transmitter, is the difficulty
in maintaining a high signal-level difference between the desired
and the undesired signals. This difficulty placed stringent con-
straints on the design of the system; in particular, on the rea-
lization of a high on-off" signal-level ratio for the sampling
switch. Therefore, a new scheme for obtaining a part of the
required leveling has been devised. In this scheme, shown in
s	
Figure 13, a part of the leveling action is accomplished before
sampling by the switch. A limiting-type IF amplifier of the
1rz
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type discussed in an earlier report is retained in the design for
final limiting.
The AGC circuits added to the feedback loop work in the following
x-	 manner. The 45 MHz signals in the two 45-M1iz channels are amplified
by controlled-gain amplifiers. In channel 1, the gain is proportional
to the difference between the two output amplitudes from the ampli-
fiers. In channel 2, the gain is proportional to the difference
between the output amplitude of channel 2 and an applied reference
voltage. The over-all eff-rt of this arrangement is the maintenance
of the output amplitudes of each channel relatively close to the
magnitude of the applied reference voltage. The gain and other closed-
loop characteristics of the AGC system determine how closely the
output amplitudes are maintained. An analysis of this aspect is
being completed and will be included in a future report.
III. DESIGN OF A CRYST?L-CONTROLLED
REFERENCE OSCILLATcR
The design of a crystal-controlle r, reference oscillator was
undertaken for use in the exciter unit. The oscillator will
provide (1) a stable frequency for the down-conversion in the
mixer and (2) a reference frequency for comparison to the down-
cuoverted VCO frequency to develop the feedback error signal.
A design for the oscillator is shown in the schematic of
Figure 14. In this circuit a Motorola integrated circuit, type
MC1550C, was used because it offers the capability of adjusting
the gain of the stage in addition to having the proper RF charac-
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teristics at the operating frequency. 	 The adjustable gain
feature permits the adjustment of feedback in the stage to the
proper value to prevent overdriving the crystal.	 The resulting
approximately class-A operation of the oscillator produces an
output signal with low harmonic content.
Inspection of the schematic shows that the oscillator is formed
by using the variable-gain amplifier in a non-inverting configuration
feedback	 ATThe	 is	 inwith	 through an	 -cut crystal.	 crystal	 operated
the series mode at the third overtone.
	
The nominal magnitude of
feedback required to sustain oscillation is determined by the value
of the feedback capacitor in conjunction with the resistance of
the crystal at resonance.
	
The output signal is developed across
hightank	 to a fifty-ohma relatively--Q	 circuit and connected
load to provide one milliwatt of output power.
An emitter-follower buffer stage will be used following the
oscillator stage to provide isolation as well as to provide a
larger output power.
- IV. PROTOTYPE CASE CONSTRUCTION
. The construction of the prototype case was continued in this
period.	 No major changes were made in the design that was discussed
in the 17th Quarterly Report.
t
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V. CONSTRUCTION OF DC-TO-DC CONVERTER
The redesign of the do-to-dc converter circuits to conform to
the requirements of the prototype case was begun after the desired
operation was obtained from the breadboard model. In the new design
the converter was divided into six different modules, or stages,
separated in the rase by shielding partitions. Included are an
input-filter stage, a switching-regulator module, a series-
regulator module consisting of three separate regulators (one for
each of the positive 28-volt, positive 12-volt, and negative 12-
volt ostputs), and three output-filter stages.
To keep the ripple factor for the supply to a minimum, several
measures were taken. The leads carrying large current pulses were
kept short, all stages having current pulses were separated by a
shielding partition from the high-gain series regulator circuits,
and the individual filters, input and output, were installed in
separate compartments. Also, a well-filtered system of distri-
bution for the three output voltages was provided.
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35 GHz Communication System Study
In describing the propagation characteristics of a 35 GHz satellite-
to-earth channel, first consideration must be given to attenuation in
the medium. While losses due to water vapor and oxygen evince a
relative minimum at this frequency, absorption due to precipitation
particles which might be encountered in the lower atmosphere is
extremely high. This absorption presently appears to be the prime
limiting factor on maximum reliable signal strength. Experimental
results obtained by Crane [1] showed a monochromatic attenuation
figure of 384 dB for a frequency of 34.86 GHz over a 10-Km path
through extremely heavy rain, while Grisetti and Mullen [2]
estimate such losses over an actual satellite-earth path to be
approximately 55 db. It should be noted that dielectric losses in
snow and ice crystals are far below those associated with liquid
water and, assuming the absence of hailstones sufficiently large
to introduce strong scattering losses, an environment including
frozen particles would seem preferable to one containing those in
the liquid state.
Another source of attenuation is the polarization mismatch
resulting from variation in propagation factors for the ordinary
and extraordinary waves in the ionosphere. A secondary effect of
this phenomenon may be observed as multipath fading, this due to
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ionospheric inhomogeneitles.
Additionally, scintillations which can be attributed to the
inhomogeneous nature of the troposphere (i.e., the existence of
areas of varying refractive index) affect the instantaneous signal
strength.
In the consideration of sources of phase distortion, two
distinct areas demand attention. The ionosphere being a dispersive
medium, distortion of the modulation envelope can result from the
alteration of phase relations between the varic,;s spectral com-
ponents. The importance of this distortion will depend in large
part on the modulation and detection schemes selected for the mission.
Distortion of the wavefroat from a spherical surface occurs in
the troposphere as different energy paths offer different indices
of refraction. Since phase path length can be represented as the
line integral of refractive- index, portions of the wave traversing
regions of differing refractive index will arrive at the receiving
antenna with varying phases. This causes the phase across the
aperture of an antenna to deviate from a constant value, effectively
reducing the gain of the antenna. Destruction of a planar wavefront
incident on the aperture may also occur due to turbulence lower in
the atmosphere
Additive noise in the system originating from extraterrestrial
sources may be increased by a "focusing" effect of the above-
mentioned ionospheric inhomogeneities. Location and tire of day
j
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will determine noise power attributaW,e to solar radiation.
Also, forward scattering through distributions of precipitation
particles can contribute to the noise temperature of the receiving
antenna.
In the next quarter the quantitative analysis of these effects
will continue in order that limits on bandwidth, antenna dimensions,
antenna resolution, and signal-to-noise ratio may be set.
[1] Crane, R. K., "Coherent pulse transmission through rain,"
IEEE Transactions on Antennas and Propagation, AP-15, 2,
March, 1967.
[2] Grisetti, R. S., and Mullen, E. B., "Baseline guidance
systems," IRE Transactions on Military Electronics,
December, 1958.
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